Tissue microarrays (TMAs) are produced by taking small punches from a series of paraffin-embedded (donor) tissue blocks and transferring these tissue cores into a positionally encoded array in a recipient paraffin block. Though TMAs are not used for clinical diagnosis, they have several advantages over using conventional whole histological sections for research. Tissue from multiple patients or blocks can be examined on the same slide, and only a very small amount of reagent is required to stain or label an entire array. Multiple sections (100-300) can be cut from a single array block, allowing for hundreds of analyses per microarray. These advantages allow the use of TMAs in high-throughput procedures, such as screening antibodies for diagnostics and validating prognostic markers that are impractical using conventional whole tissue sections. TMAs can be used for immunohistochemistry, immunofluorescence, in situ hybridization, and conventional histochemical staining. Finally, several tissue cores may be taken without consuming the tissue block, allowing the donor block to be returned to its archive for any additional studies.
Introduction
For a comprehensive review of tissue array techniques and applications, see Eguíluz et al. (9) .
A general scheme for constructing TMAs is shown in Fig. 1 . First, the region of interest is identified on a donor tissue block. A hematoxylin and eosin (H&E)-stained slide serves as a useful guide for selecting the area to be sampled. Next, a small (0.6-3 mm) punch is taken from the donor tissue block and seated into a recipient paraffin block in a positionally encoded array format. The tissue punches can be taken with a manual or automatic tissue arrayer, such as those manufactured by Beecher Instruments (Sun Prairie, WI). Once the TMA is constructed, it Fig. 1 . A general method for tissue microarray construction: (a) a blank recipient block is prepared and cored. (b) A 0.6-mm tissue punch is extracted from the donor block, then (c) relocated to the prepared hole in the recipient block. (d) To section the TMA, a tape window is applied to the TMA, and a 5-mm section is cut using a conventional microtome. (e) The tape window is applied to an adhesive-coated slide, and the adhesive is cured under UV light (not shown). (f) An H&E-stained TMA section (2.5× magnification).
can be sectioned, and mounted on a microscope slide. The TMA can then be stained using a standard histochemical method (i.e., H&E), or more commonly used for immunohistochemical, immunofluorescence, or fluorescence in situ hybridization (FISH) studies. An example of using FISH with TMAs is for the analysis of HER-2 amplification in breast tumors.
The HER-2 gene, which maps to 17q21.1, is amplified in ~20% of breast cancers (10) leading to an overexpression of its protein product, human epithelial growth factor receptor 2, a cell surface tyrosine kinase receptor. Such cancers are receptive to a targeted therapy by the monoclonal antibody trastuzumab (Herceptin). Accordingly, the accurate assessment of HER-2 status is critical to predict the responsiveness of breast cancer to adjuvant treatment with trastuzumab. Determination of HER-2 status is usually carried out by FISH with whole tissue sections using hybridization probes for the HER-2 gene and a reference hybridization probe for the centromere of chromosome 17 (11) . A tumor with a HER-2/chromosome 17 ratio of >2.2 is considered to be positive for HER-2 amplification (10) . Several recent studies have compared whole sections and TMAs for the assessment of HER-2 status using FISH (12, 13) . These studies concluded that the use of TMAs to assess HER-2 status gave comparable results to the current standard methodology using whole sections. In addition, these studies demonstrated that TMA technology offered improvements in cost, time, and quality control. A procedure for performing FISH for HER-2 status using a TMA will be described later in the chapter.
Once stained, TMAs may be analyzed in one of two ways. Biomarker expression can be manually assessed using an ordinal grading scale. Though this method has been used for a number of microarray studies, it is time-consuming, semiquantitative, and requires an experienced observer. Dedicated TMA readers and analysis software can improve and simplify the evaluation of TMAs, while streamlining data archiving. Automated analysis protocols can select the region of interest and normalize it so that expression levels can be compared, both between different tissue cores on the same array slide and between different array slides. Some systems use immunofluorescent substrates, while others use chromogenic substrates to quantify biomarkers. Localization of disease biomarkers is usually achieved by counterstaining the TMA with H&E, then the automated systems use morphometric analyses to distinguish the tumor from normal cellular features. A partial list of available TMA analysis software and slide readers is shown in Table 1 . Some of these systems have dedicated applications for HER-2, estrogen receptor, or progesterone receptor [i.e., Automated Cellular Imaging System (ACIS III), AQUA (14) , and Pathological Image Analysis and Management (PATHIAM)]. 1. This protocol assumes the use of a manual tissue arrayer such as the MTA I from Beecher Instruments (Sun Prairie, WI), shown in Fig. 1 . Other arrayers may be configured differently and their manual should be consulted prior to use (see Note 5).
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Methods
Construction of the Tissue Microarray
2. Prepare an empty, "recipient," paraffin block by pouring liquid paraffin into a stainless steel base mold. Cover with a slotted tissue cassette and allow to cool. Remove the recipient block from the mold and inspect the paraffin surface for any bubbles or holes. Trim any excess paraffin from the plastic cassette.
3. Identify regions of interest from the donor tissue blocks (see Note 1).
4.
Determine the desired layout of the TMA and prepare a corresponding positional chart (TMA block summary) to record all of the pertinent information about each tissue core in the array (see Note 6).
5.
Using an empty paraffin block, check the alignment of the two punches of the MTA I arrayer. The circular indents made by the small (recipient) and large (donor) punches on the paraffin block surface should have identical centers if they are properly aligned. If necessary, adjust the alignment of the punches as described in the manual.
6. Place the recipient block in the block holder. Adjust the depth stop by tightening the adjustment nut until the punch stops at the desired depth within the paraffin block, typically 0.5-1 mm above the base of the plastic tissue cassette.
7. Using the smaller punch, make a hole in the first position of the array (i.e., position A1). All other array positions will be in reference to this first spot. Accordingly, set the X and Y micrometers of the MTA I to zero. When the depth stop blocks the downward motion, slowly release the tissue punch. Eject the paraffin core.
8. Place the donor block bridge over the array block holder, and move the larger punch into the sampling position. Manually hold the donor block in position on top of the donor block bridge while positioning the area to be sampled directly underneath the sample punch (see Note 7).
9. Push downward on the sample punch to retrieve the tissue core. Note that the depth stop will not block the punch motion at the proper position for the donor block, so care must be taken to prevent the punch from entering too deeply into the block (see Note 8).
10. Remove the donor tissue block and bridge and push the punch downward until its tip reaches the top of the hole in the recipient array block. Use the large punch stylet to inject the tissue core into the hole created by the smaller punch.
11. Adjust the micrometers to move the tissue punch to the next X, Y position. A spacing of 0.8-1 mm between sample centers is customary (see Note 5).
12. Repeat steps 7-11, using the remaining donor tissue blocks, to construct the entire TMA.
13. Once the microarray is constructed, press the TMA block, paraffin side down, lightly on a flat surface to seat the tissue cores.
1. This protocol assumes the use of the Paraffin-Tape Transfer System from Instrumedics, Inc. (see Note 9).
2. To section the TMA, apply a tape window, adhesive side down, onto the surface of the TMA. Gently roll or press the tape window to remove any wrinkles or air bubbles.
3. Place the tissue block on a standard microtome, positioning the leading edge of tape window over the microtome blade. Cut a 5-mm section. A microarray block may yield 100-300 sections, depending upon core depth (see Note 10).
4.
Press the tape window, with the TMA section facing downward, onto the adhesive-coated microscope slide. Use the roller to gently remove any air bubbles.
5.
Place the tape-covered slide under a UV lamp for 30-60 s to cure the adhesive.
6. Place the slide in the TPC SOLVENT (TM) for 3 min. Carefully peel away the tape window. The TMA slide is now ready for clearing and staining.
1. Incubate the TMA slide through three changes of xylene, 2 min each, to clear the paraffin.
2. Rehydrate the slide through two changes each of 100, 95, 70, and 30% ethanol, 2 min each.
3. Place the slide in distilled water prior to staining (see Subheading 3.4 or 3.5).
Adapted from the AFIP Laboratory Methods in Histotechnology (16).
1. Once the TMA slide is cleared and rehydrated, stain for 4-15 min in the Mayer's hematoxylin solution.
2. Remove the slide from the stain and wash in lukewarm running tap water for 15 min.
3. Transfer the slide to distilled water until ready for eosin staining.
4. Rinse the slide in 80% ethanol for 1-2 min.
Counterstain in the eosin-phloxine solution for 1-2 min.
6. Dehydrate through two changes each of 95% ethanol, 100% ethanol, and xylene. Each incubation is for 2 min.
7. Mount with a xylene-based mounting media, such as Permount.
Sectioning of the Tissue Microarray
Clearing and Rehydrating Slides for Staining
Hematoxylin and Eosin Staining
1. This protocol is for detecting the amplification of the HER-2 gene by FISH in FFPE breast cancer tissues, but can be adapted for other genes. Individual probe concentrations will need to be optimized. For an example of a TMA slide stained positive for HER-2 gene amplification, see Fig. 2 .
2. Remove the TMA slide from the distilled water (Subheading 3.3, step 3) and incubate in the pretreatment solution for 20 min at 97°C. 3. Remove the slide from the pretreatment solution and allow it to cool for 2 min. Rinse with distilled water.
Fluorescence In Situ Hybridization
4. Add 600 mL of the pepsin solution to 55 mL of prewarmed protease buffer.
5.
Incubate the slide in the protease solution for 25 min at 37°C.
6. Wash the slide in 2× SSC, two times, 5 min each. Briefly dip the slide in distilled water.
7. Air-dry the slide or dry on a 42°C hot plate.
8. Care should be taken to protect the slide from light for steps 9-19. 9 . Denature the amount of Her-2/Cep17 probe solution equivalent to that required for a standard whole tissue section (8-10 mL) in a 74°C water bath for 5 min.
10. Add the probe solution to a glass coverslip. Place the pretreated slide, tissue side down, on top of the coverslip and press to remove any air bubbles. Seal the edges of the coverslip with rubber cement.
11. Place the slide in a 37°C incubator. Incubate for 6-20 h (see Note 11 for an alternative method).
12.
Remove the rubber cement from the coverslip by hand.
13. Soak the slide in posthybridization buffer I at room temperature to release the coverslip.
14. Incubate the slide in posthybridization buffer I for 2 min at 74°C.
15. Wash the slide in posthybridization buffer II at room temperature for 30 s. 16 . Rinse the slide in distilled water.
17. Air-dry the slide or dry on a 42°C hot plate.
18. Add 1-2 drops of Vectashield mounting media with DAPI to a coverslip. Place the slide on top, tissue side down, and press to remove any air bubbles. Seal the edges of the coverslip with clear nail polish.
19. Place the slide in a slide folder and store at −20°C in the dark for at least 30 min prior to examination using a fluorescence microscope.
1. Choosing the correct sampling site from the donor blocks is critical and the most time-consuming step in TMA construction. A fresh H&E-stained slide from each block should be used as a guide to select the regions of interest for tissue sampling.
Notes
It may be helpful to mark the tissue sampling site on its corresponding slide prior to constructing the microarray. The following criteria for region of interest selection may be helpful:
(a) The tissue block is typically examined by a pathologist to confirm the initial diagnosis and select the most appropriate area(s) in the tissue section for the extraction of the punch(es).
(b) It is important that the tissue punches should not compromise the diagnostic value of the tissue block. Sufficient material should remain so that a pathologist can confirm the diagnosis and perform additional tests on the tissue. Also, the punches should not compromise the pathologists' ability to appreciate the anatomic relationship between the lesion and the surrounding tissue.
(c) Regions of interest within the tissue block must be ³2 mm in depth to be used in a TMA.
(d) Regions of interest should not have excessive amounts of necrotic or poorly fixed tissue.
2. Short-term exposure to xylene can cause irritation of the skin, eyes, nose, and throat. Xylene should be handled in a certified chemical fume hood. Alternately, an orange-oil based product, such as Histo-Clear (National Diagnostics; Atlanta, GA) or Hemo-De (Scientific Safety Solvents; Keller, TX) may be used to remove excess paraffin from FFPE tissue sections.
3. Mayer's hematoxylin solution stains the nuclei only. The blue color is enhanced by washing the slide in running tap water. The solution is commercially available, but may be prepared as follows: dissolve 50 g of ammonium or potassium alum in 1 L of distilled water, then add 1 g of hematoxylin crystals. When all of the hematoxylin has been dissolved, add 0.2 g of sodium iodate and stir for 10 min before adding 1 g of citric acid. Stir for an additional 10 min before adding 50 g of chloral hydrate. The resulting solution should be a deep "wine red" color.
4. Eosin Y is a conventional counterstain for hematoxylin and gives a wide range of contrast from pink to bright red. For example, cytoplasm stains pink and collagen and muscle stain bright red. The solution is commercially available, but may be prepared as follows: combine 100 mL of eosin stock solution (1 g Eosin Y in 100 mL in distilled water) with 10 mL of phloxine stock solution (1 g phloxine B in 100 mL distilled water). Add 780 mL of 95% ethanol and 4 mL of glacial acetic acid. The working solution is good for 1 week.
5.
Manual tissue arrayers such as the MTA I will allow the average user to take 30-70 tissue punches per hour. Depending upon tissue core size and density, recipient blocks can accommodate up to 1,000 samples. Using 0.6 mm punches, with a spacing of 0.8 mm between sample centers, the typical array size is 300-500 specimens per block using regular tissue cassettes. Using 2 mm punches allows construction of tissue arrays with about 50-100 specimens. An automated tissue arrayer can take up to 180 punches per hour (0.6-3 mm in size) and can produce up to 26 replicate array blocks in a single run.
6. For array orientation, it may be useful to leave the first position empty, or to substitute with a core taken from a FFPE 3% agarose-India ink plug. India ink will survive all stages of histology. Figures 3 and 4 show a slide diagram of an 80-core TMA and its corresponding TMA block summary, respectively. Fig. 4 . An example of a format for a TMA block summary, which links the tissue core array position (columns 1 and 2) with the diagnostic details of the corresponding specimen (columns 3-7).
Slide Label
7.
Superimposing the corresponding marked H&E-stained slide over the tissue block will assist in positioning the area to be sampled underneath the tissue punch. Move the H&E slide out of the way prior to taking the tissue core.
8. The number of tissue cores sampled per block depends on the tissue type. For example, normal breast epithelium, and other cancers with a high degree of regional heterogeneity will typically require >2 punches per block, while most other cancers are well represented with 1-2 punches (3).
9. TMA sections are most commonly captured onto a tape window and transferred to an adhesive-coated slide. The Paraffin- Tape (17) . If conventional microtome sectioning techniques are applied, section quality may be improved by heating the TMA block at 37°C for 30 min and allowing the block to cool to room temperature before sectioning. This process will soften the paraffin helping to anneal the tissue cores to the recipient paraffin block.
10. The first few TMA sections may have missing tissue cores or tears due to uneven seating of the tissue punches in the donor block.
11
. Alternatively, undenatured probe may be applied to the pretreated slide (Subheading 3.5, step 10). Once the coverslip is sealed with rubber cement, the slide is incubated in a 74°C oven for 5 min, followed by 37°C for 6-24 h before proceeding to the next step (Subheading 3.5, step 12). An automated slide incubator, such as the ThermoBrite ® System (Abbot Molecular, Inc.), may also be used for the slide drying and probe hybridization steps.
